ABSTRACT The percentage of the elderly population has been on rise steadily over the past few years across the globe, which is a cause of serious concern among the research fraternity. A lot of research is going on that tries to harness the benefits of the various information and communication technologies to enable these elderly people to live independently and promote a sense of overall well-being. Although in the evolutionary phase, yet smart homes can help these elderly people in their daily life. However, for the success of such smart systems, the intention of the users towards using those systems must be understood. But, there is a serious lack of relevant exploratory research that tries to measure and explain the adoption of such smart homes by the elderly population from a multiple theory perspective: namely, the technology acceptance model, the theory of reasoned action and the theory of planned behavior. The main aim of this paper is to fill up this void of a lack of theoretical approach by testing the three models in the context of the adoption of smart homes by the elderly population. In order to do so, we conducted a survey with N = 239 (after screening) and analyzed the results using the structural equation modeling and confirmatory factor analysis techniques. Results suggest that all the three models are valid although they do not take into account certain factors that are unique to this context. This paper paper provides the initial groundwork to explore the process of adopting smart home services by the elderly with potential future research areas.
I. INTRODUCTION
The tremendous growth in the percentage of an elderly population is a serious problem being faced by many countries of the world [1] . According to a report by the United Nations, the ratio of people having an age of 50 or above will double by 2050 with respect to the total world population [2] . Thus, recently a lot of focus is being given on research dedicated towards the well-being of the elderly population. With the recent advancements in various information and communication technologies (ICT) including smart-homes, they are being widely used by the aged people for various types of healthcare and social support services [3] . All these smartsolutions have the same common objective of improving the quality of life (QoL) of the user. As per the World Health Organization (WHO), QoL is defined as ''individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns'' [4] . Considering the health status and various vulnerability issues that the elderly people have to face, investigating into their QoL is an area of prime concern.
Primarily smart homes and related technologies consist of various kinds of sensors, appliances, and monitoring systems that are connected together and act like an automated system enabling both localized and remote control of the environment [5] . The type of sensors, control appliances, and devices that are installed depend upon the application type and nature of support provided. They range from hot water systems, lighting for homes, fridges, TVs to sensors and equipment that are used for the purpose of health monitoring [6] . Smart home services are considered one of the most promising potential markets as the demand for related products has increased exponentially over the past few years [7] , [8] .
Although there are a number of advantages of a smart home system, they also bring forth certain challenges [9] , [10] . Thus, it is important to explore the aged users' motivations for adopting such smart systems by employing the popular and widely accepted theoretical models like Technology Acceptance Model (TAM), Theory of Reasoned Action (TRA), and the Theory of Planned Behavior (TPB).
TAM is a widely used theoretical framework that studies the impact of perceived usefulness (PU) and perceived ease of use (PEOU) on the adoption of technology [11] . TRA is another classical model of persuasion that predicts how individuals will behave based on their pre-existing attitudes and behavioral intentions [12] . Finally, the TPB framework extends the TRA by adding a perceived behavioral control (PBC) construct [13] . All these three models have been used interchangeably in a variety of scenarios depending upon the usage context in order to gauge the user intention towards a particular thing.
The various smart home technologies are gradually maturing. Majority of the existing research focuses on the technological aspects and implementation details of the smart homes. This has been elaborated in detail in the literature review section of the paper. However, for the success of any new technology or service and its subsequent commercialization, it is very important to gauge the intention of the users. The psychology of the end users needs to be clearly understood in order to determine the prime motivating factors that will enable the success of a new service/technology. This is the exact area where current research lacks since the primary focus is given on the core technological functionalities rather than the user intention. Since, the entire idea behind smart homes is to increase the user convenience, hence for this research, we target a specific group of people who are above the age of 50 (elderly population). Lack of a relevant theoretical framework in the context of smart homes motivated us to explore this issue from a multiple theory perspective. The exact research question that we try to answer in this paper is: ''To what extent are the existing models i.e. TAM, TRA and TPB able to explain the older adults' smart home services acceptance behavior and how do these models perform in an empirical setting?''. The motivation behind selecting these three models as reference ones in this work is due to their widespread popularity in various ICT adoption scenarios that has been discussed in depth in Section III of the paper.
Rest of the work is organized as follows. Section II provides a background of the smart home technologies and services being used by the elderly people. Section III presents a brief introduction to the three models being tested in this paper along with the research hypothesis. The methodology has been discussed in Section IV, while Section V presents the result analysis. Section VI provides the discussion while the conclusion and the scope of future work have been given in Section VII.
II. SMART HOME TECHNOLOGIES AND SERVICES
In this section, we present an elaborate review of the smart homes meant specifically for the elderly people. Depending on the usage scenario, we have tried classifying the existing smart-home systems into five dimensions as shown in Fig. 1 .
A brief description has been given below. 
A. SMART HOMES FOR HEALTH MONITORING (HM)
A lot of work has been done to monitor the health of the elderly who are suffering from some type of disease; especially chronic ones like dementia. In fact, use of these smart technologies has resulted in an enhanced feeling of safety, less fear, and anxiety. Home automation also enables these elderly people to remember their daily tasks (which often they tend to forget) like taking medicine, drinking water, brushing teeth, etc. and enables them to act more independently, which improves their overall QoL [14] . Thus, smart-homes are able to address the support needs, reduce the social isolation, and increase the self-esteem of these elderly people.
B. SMART HOMES FOR ENVIRONMENTAL MONITORING (EM)
Smart-homes often provide an environmental monitoring system by deploying several sensors at appropriate locations in a residential home. These sensors are targeted towards not only the elderly population but also the entire household in general. They aim to fulfill the physiological needs of the elderly and provide them with a sense of safety. These monitoring systems generally come in handy during medical emergencies. Environmental control systems like smoke detectors, electronic door openers, etc. have been designed, but the effect that these can have on the elderly is not clear [15] . Overall, smart-homes designed for this type of application tries to facilitate the sense of functional independence among the elderly.
C. SMART-HOMES FOR PROVIDING COMPANIONSHIP (PC)
Depression due to social isolation is very common among the elderly people. A range of robotic services in the homes has been tried by different researchers that act as social companions for these old people. In-fact these robots are used when a person is ill or recovering from an illness (where pets are not allowed) and it aids in the recovery process. Smart 8110 VOLUME 6, 2018 robotic environments are also very useful for people suffering from dementia where they can serve as companions thereby inflicting a positive mood, and decreasing loneliness [16] .
D. SMART-HOMES AS A MEANS OF SOCIAL COMMUNICATION (SC)
Decreased mobility and other physical problems that increase with old age often lead to a sense of loneliness. Smart-homes that enhance the communication capability by providing some means of visual communication with friends and relatives have positive effects on the mental state and improve the QoL [17] . Video-based solutions have proven to be very effective in improving the mental satisfaction of these people. Smart-homes have been often used to reduce the feelings of loneliness, boredom, and social isolation among the elderly [18] .
E. SMART-HOMES FOR RECREATION AND ENTERTAINMENT (RE)
Smart homes can provide various types of recreational facilities and entertainment to the old users. Installation of smart home lighting systems that can change color and intensity as per mood conditions and use of other smart appliances like television, microwave ovens, washing machines, robots, etc. tends to improve the QoL of the elderly. Smart-homes providing interactive gaming facilities have also proven to be beneficial that has a positive effect on the elderly health. [19] .
It is evident from the literature review that a lot of work has been done towards the elderly well-being and smart homes. The entire focus of existing research is on the technological perspective and service implementation. However, the perception of these people towards such systems is not known. This is in line with the findings in [20] , where the authors concluded that for aging research there is a lack of theoretical approach. This is the exact research gap that we try to address in this paper by introducing the multi-model perspective.
III. THE MULTI-MODEL PERSPECTIVE A. TECHNOLOGY ACCEPTANCE MODEL
TAM proposed by Davis is one of the most popular theoretical models for explaining the adoption of a particular technology. The original version of TAM has four constructs: Perceived Usefulness (PU), Perceived Ease of Use (PEOU), Attitude (ATT), and Behavioral Intention (INT). PU is the extent to which an individual perceives a positive impact of using a particular information technology in a specific context [11] . PEOU is the extent to which an individual perceives that using a particular type of technology would be free from efforts [11] . ATT is an individual's attitude towards using a particular technology in a positive way. INT represents an individual's intention towards using a particular technology [11] . The overall original TAM version has been shown in Fig. 2 and the corresponding hypotheses can be framed as:
Attitude has a positive effect on the intention of the elderly adults to use the smart home services.
H 2 : Perceived usefulness of the smart homes has a positive effect on the intention to use these services.
Perceived ease of use of the smart homes has a positive effect on the attitude towards these services.
H 4 : Perceived usefulness of the smart homes has a positive effect on the attitude towards these services.
H 5 : Perceived ease of use of smart homes has a positive effect on the perceived usefulness of the services.
Depending, on the usage scenario researchers, has extended the TAM model by introducing new factors and moderator/mediating variables to the original theoretical framework [45] . For example, Venkatesh et al. used TAM in an official context to explore the user intention towards using personal computers, while Pikkarainen used it in the context of Internet Banking and Pinho used it in the context of social networks [46] - [48] . In all these research in order to explain the underlying theory, new variables were added to the original TAM model. However, due to the use of so many different variables depending on the usage scenario, the original TAM theory is no longer parsimonious, which poses a serious challenge for theory development. Thus, presently the main challenge is to understand to what degree the original theory can explain the user intention. Due to this reason for this paper, we chose to use the original unaltered TAM/TRA/TPB versions.
B. THEORY OF REASONED ACTION
The TRA model that has its roots in the domain of social psychology defines the relationships between attitude (ATT), subjective norm (SN), and behavioral intention (INT) as shown in Fig. 3 . Subjective norm is a new concept that has been added to this model and defined as a person's perception that most people who are important to him think he should or should not perform the behavior in question [12] . When any technology is at its beginning stage, the users of such a system lack enough information regarding the usability of such a system. In such cases, the user may be influenced by the opinions or suggestions provided by their friends and/or relatives.
TRA has been extensively used to study various forms of user involvements in a variety of contexts like consumer behavior, work behavior and sociological behavior [49] - [51] . The attitude and behavioral intention factors are the same as presented in the TAM model. The relevant hypotheses can be framed as:
H 7 : Subjective norm is positively associated with the intention of the elderly people to use smart home services.
C. THEORY OF PLANNED BEHAVIOR
The TPB model, an extension of the TRA postulates that the most important determinant of behavior is the behavioral intention (INT). This framework takes into account those situations where one may not have a complete control over behavior and adds a perceived behavioral control (PBC) construct as shown in Fig. 4 . In case of this model, as it is evident from the figure, a person's actual behavior when performing a certain action is directly influenced by his/her behavioral intention and determined by three types of specific belief about the behavior: attitude (ATT), subjective norm (SN) and PBC. PBC can be defined as an individual's perceived control over performing a particular action [13] . The corresponding hypotheses are:
H 9 : Subjective norm is positively associated with the intention of the elderly people to use smart home services.
H 10 : Perceived behavioral control has a positive effect on the behavioral intention towards these services.
As it is evident from the literature review, the main challenge as of today is to clearly understand the extent to which these original theories (without any sort of modifications) are able to explain the usage of technology in the context of smart homes for the elderly. The various smart home technologies and related services are still in their early development stage and hence not yet reached the state of wide spread commercialization. Thus, in order to understand the real user intention towards this new service, an empirical verification of the original theories need to be done. This has never been attempted before which forms the core essence of this work. The extent to which these original theories can explain the real world usage will pave the future path in determining more factors that may be needed for a better understanding of this scenario.
IV. METHODOLOGY
An online survey instrument targeted towards the elderly people has been developed to measure their perception of the smart home services. The survey instrument has been structured in two parts. Part 1 contains certain sociodemographic questions (respondent age, gender, household size, and household income) and a basic question on the smart home awareness that has been used as a screening question. The screening question has been used in order to minimize the hypothetical response biases from those people who absolutely have no idea or prior knowledge about smart homes. Part two of the survey contains open-ended questions that measure the attitude of the respondents towards the smart home services. TABLE 3 gives the detail of the questions that have been administered, while TABLE 4 presents the descriptive information of the constructs used in the research models. All the questionnaire items have been evaluated on a 5-point Likert scale (1 = ''strongly disagree'' to 5 = ''strongly agree''). In case of certain questions, an additional ''don't know'' response option has been provided. All the survey questions were developed, iteratively tested, and refined for clarity prior to their implementation. No background information was provided to the respondents at the beginning of the survey in order to minimize the priming effects on responses. The order of the response options for a particular set of the construct has been randomized to minimize the potential ordering effects on responses as pointed out by current research [52] .
The data that is collected from the online questionnaire survey is analyzed using a Confirmatory Factor Analysis (CFA) and Structural Equation Modelling (SEM) approach to test the TAM, TRA, and TPB models. While conducting the SEM, we have used specifically the Partial Least Square SEM (PLS-SEM) algorithm as it is best suited for new exploratory studies like ours where there is less of a theoretical backing to the underlying concepts and hypothesis and also where the sample size is small to medium [53] , [54] . In case of PLS-SEM the error variables are not part of the model at all; hence they are un-correlated and uncovariated. It is a powerful technique as it assumes that the individual constructs are variated one by one with the rest of the model and the final model fit indices are monitored in the measurement part of the model. Although this technique enables us to create the measurement model, it does not have any biased parameters for the variables. The results of the analysis are provided in detail in the next section.
V. RESULT ANALYSIS A. TESTS OF VALIDITY
SmartPLS 3 and SPSS 17.0 have been used to conduct the PLS-SEM and CFA for hypothesis testing and to examine the validity of the three research models. The internal consistency for reliability of the used questionnaire has been measured by using the Cronbach's alpha values and presented in TABLE 5. For all the constructs that have been used for the three research models, the value of Cronbach's alpha obtained is greater than 0.7 that suggests a high degree of internal reliability [67] . The highest alpha value = 0.85 has been obtained for the attitude (ATT) construct, while the lowest one = 0.76 corresponds to the perceived usefulness (PU) construct. In order to measure the convergent validity for each model, the average variance extracted (AVE) and the composite reliability has been calculated. This is shown in TABLE 6. For every construct, the value obtained for AVE is greater than the recommended level of 0.5 [67] . We also test for the discriminant/divergent validity in order to check whether the measurements that are not supposed to be related are actually unrelated. The results of the discriminant validity tests have been reported in TABLES 7, 8, and 9 for the TAM, TRA, and TPB models respectively. In all the tables, the diagonal element (which represents the square root of AVE) has a higher correlation level between any two specific factors. Thus, the discriminant validity test is also sufficed for each model.
B. HYPOTHESIS TESTING
For testing the significance level and obtaining the path coefficients, we followed the bootstrapping procedure. In bootstrapping, subsamples are created with randomly drawn observations from the original set of data (with replacement). The sub-sample is then used to estimate the PLS path model. This process is repeated until a large number of random sub-samples have been created (we used a maximum iteration value of 300). The results for TAM, TRA, and TPB are shown in Figs. 6, 7 and 8 respectively. The standard (AGFI), root mean square error of approximation (RMSEA), normed fit index (NFI), comparative fit index (CFI), incremental fit index (IFI) and chi − square/degress of freedom (λ 2 /d.f .) lie within the recommended range. The relevant references are cited in [67] - [71] . From the overall results of hypothesis testing, we can conclude that TAM can satisfactorily explain the intention of the elderly people to use the various smart home services. However, the explanatory power of the model is limited to 26.2 % as evident from the R 2 value suggesting that more factors should be taken into consideration for predicting the behavioral intention.
In case of the TRA model, attitude (ATT) and subjective norm (SN) together explains 33.4 % of the variance in the dependent variable i.e. INT. The contribution of attitude towards the observed explanatory power is slightly more than the subjective norm. Both ATT, as well as SN, has direct positive impacts on the intention to use the smart home services by the elderly. This is evident from the respective path coefficients and significance levels for the ATT (ATT -> INT, β = 0.390, t statistic = 5.555 and p < 0.001) and SN (SN -> INT, β = 0.309, t statistic = 4.652 and p < 0.001) constructs. Literally, the β values suggest that for every unit increment in attitude will strengthen an elderly individual's (positive) intention to use smart home services by 0.390 unit and every unit increment in subjective norm will strengthen an elderly individual's (positive) intention to use the same system by 0.309 unit. All the relevant model fit indices have been reported in TABLE 11 for the TRA model and lie close to the recommended range. It is also observed that the explanatory power of the TRA model is higher than the TAM model. For the TPB model; attitude, subjective norm, and perceived behavioral control can together explain 49.8 % of the variances observed in the intention to use the smart home services. The contribution of perceived behavioral control is maximum towards the behavioral intention followed by attitude and subjective norm respectively. The entire hypotheses proposed by the TPB model are supported: (ATT -> INT, β = 0.231, t statistic = 3.496 and p = 0.001), (PBC -> INT, β = 0.459, t statistic = 6.756 and p < 0.001) and (SN -> INT, β = 0.213, t statistic = 3.727 and p < 0.001). As with the other models literally, the β coefficients mean that every unit increment in attitude the perceived behavioral control and subjective norm will strengthen an elderly individual's (positive) intention to use the smart home services by 0.231 unit, 0.459 unit, and 0.213 unit respectively. The model fit statistics reported in TABLE 11 also lie close to the recommended range.
Results show that all the three research models are able to explain the intention of the elderly people to use smart homes, but to a limited extent (considering the low to moderate R 2 values). However, among all the three models, the explanatory power of the TPB is highest at 49.8 % followed by TRA and TAM at 33.4 % and 26.2 % respectively.
VI. DISCUSSION
The objective of this paper was to test the three competing models (TAM, TRA, and TPB) in their pure form within the context of the adoption of smart home services by the elderly population. There are a number of observations from this research.
Based on the data collected from 239 elderly people (after screening) all the three research models can explain the actual system usage. According to what is postulated by TAM, both PU and ATT affects INT directly; while there is an indirect effect from PEOU to INT. The impact of PEOU and ATT on INT is more than the effect of PU on INT. The reason behind this could be due to the aging population that we have considered for this research. For the aged people the ease with which they can operate a particular device or use a specific technology far outweighs the usefulness that they get by using those services. In fact, the attitude of these people to use a smart home service is predominantly determined by how much easy it is for them to use such a system. Thus, it will be helpful if the device manufacturers and service providers are not only able to design easy to use systems, but also provide some form of demonstration or training about their products to familiarize the elderly on the actual system usage. This can also help to create a sense of awareness regarding the benefits of using a smart home and the chances of adopting such a technology will increase. PU is the weakest link in the TAM model. A certain extent of computer expertise and exposure to IT systems is needed if the benefits of using a smart home service are to be appreciated by the users. Thus, proper training VOLUME 6, 2018 sessions must be conducted that familiarizes the elderly with the related services and creates a sense of usefulness among them.
From the perspective of TRA, both ATT and SN have an almost equal effect on the usage intention. This implies that the elderly people find the idea of using a smart home beneficial and important. Subjective norm having a positive impact means that the elderly people tend to rely heavily on the opinion of their friends, relatives and other trusted sources regarding the use of smart home services. The strong effect of SN on the adoption intention is surprising because, in prior studies this factor was found to have a relatively weak or insignificant impact on the intention [12] , [72] , [73] . Thus, it can be inferred that as the target population is elderly and the smart home services are in an early stage of diffusion, potential users have very little experience and are willing to rely on the opinion and behaviors of others. This implies that word of mouth and snowball marketing techniques can be an effective way to propagate the benefits of using such a technology. Large-scale awareness programs and door-to-door campaigning can be initiated on behalf of the government and other relevant agencies that promote the use of smart home services among the elderly and make them understand clearly the benefits such a system can provide in the form of independent assisted living.
ATT, SN, and PBC all have significant positive effects on INT as per the TPB model. The impact of PBC on INT is higher when compared to the remaining two constructs. This finding is interesting and in line with the reporting by the TAM model. These elderly people expect some sort of experience and prior knowledge about using these systems. When the potential users perceive more controllability than obstacles, they feel it suitable to adopt smart home services.
Except for TPB, the R 2 values are medium to low for the remaining two models. However, this does not suggest that TAM and TRA are not able to explain the proposed scenario properly. This is evident from the number of other statistical measures that are used for each model. For example, across all the models each path has a t statistic > 1.96, a GFI value close to 0.9, etc. all indicating a fairly good power of the statistical model [67] - [71] . Thus, we can safely say that both TAM and TRA also helps in predicting the intention to use smart homes by the elderly apart from the TPB model. Overall, we can conclude that instead of focusing on accessibility and resources, the focus should be on designing an easily usable system, creating a positive awareness and conducting training programs that will enable the elderly to get a hands-on experience and feeling about using such a smart system.
VII. CONCLUSION AND SCOPE OF FUTURE WORK
The study that we have carried out is exploratory in nature and the first of its kind that tries to examine the usage intention of smart homes by the elderly population. In order to explain the usage intention, we focus on the framework provided by the already existing theories of TAM, TRA, and TPB; hence using a multi-model approach. All the three research models could well explain the proposed hypothesis; with the explanatory power of TPB model being higher than TAM or TRA (in term of the R 2 value). This implies that there can be some other factors other than what we have considered in this work, which can have an impact on the adoption of smart home services. For example, from the questionnaire data that has been collected, cost of the technology along with security and privacy concerns can be some of the prohibiting factors. The high cost of establishing a smart home can have a negative effect on the elderly mindset specifically because they have a limited income. Similarly, privacy and security concerns also need to be addressed and are potential candidates for further study. Another factor that emerged out from our survey is that of electricity consumption and the availability of uninterrupted power supply (without any outage). Since the smart homes rely a lot on an uninterrupted supply of power for the working of the various devices, there was a serious concern about the reliability of such systems among the elderly in case of power outages. In addition, the increased electricity cost that the elders will have to pay due to using such a system seems to be a cause for concern. This factor is particularly important in an Asian context where this research has been carried out. Similarly, there can be other factors that are unique to the elderly population, which needs a deeper investigation. Keeping in mind the results that emerged out from the study, we plan to create and test a new research model with more control and mediator variables that will have a better predictive power and reliability than what we achieved through this multi-model approach as a part of our future work. 
